The realm of big data is a very wide and varied one. We discuss old, new, small and big data, with some of the important challenges including dealing with highly-structured and object-oriented data. In many applications the objective is to discern patterns and learn from large datasets of historical data. We shall discuss such issues in some transportation network applications in non-academic settings, which are naturally applicable to other situations. Vital aspects include dealing with logistics, coding and choosing appropriate statistical methodology, and we provide a summary and checklist for wider implementation.
A new natural resource

1
We will be the first to admit that it is difficult to keep up. How can you expect someone who is trained in dealing with 2 datasets of n = 30 observations with p = 3 variables to suddenly cope with a 100 K-fold increase of n = 3 000 000 3 observations and p = 300 000 for example, or even worse? Everything has to change. Summarizing a dataset becomes a 4 major computational challenge and p-values take on a ludicrous role where everything is significant. Yet dealing with a 5 wide range of sizes of datasets has become vital for the modern statistician. That's why I call data a new natural resource.
10
The need to make sense of the huge rich seams of data being produced underlines the great importance of Statistics, for example data collected on the first bloom of cherry blossoms in Kyoto, Japan starting in 800AD and now highlighting 13 climate change (Aono, 2017) ; Gauss' meridian arc measurements in 1799 used to define the metre (Stigler, 1981) ; and 14 Florence Nightingale's 1859 mortality data and graphical rose diagram presentation on causes of death in the Crimean War 15 leading to modern nursing practice (Nightingale, 1859) . All of these old, small datasets are at the core of important issues 16 for mankind, so it is not the data or its importance but the size, structure and ubiquity of data that is new.
17
Many of the challenges in the new world of Statistics in the Age of Big Data are of a different nature from traditional 18 scenarios. Statisticians are used to dealing with bias and uncertainty, but how can this be handled when datasets are so large 19 and collected in the wild without traditional sampling protocols? What do you do with all the data is an important question.
20
The last 20 years has seen an explosion of statistical methodology to handle large p, often with sparsity assumptions (Hastie 
24
It is obvious that the realm of big data is a very wide and varied one. In some realms the difficulties lie with 25 truly astronomical quantities of data which are not even feasibly stored for future retrieval, for which online algorithm 26 development is a key area of research; whereas in other realms the challenge is in discerning patterns and learning from relevance to all problems in a particular area to be discussed as one. The contemporary challenge we shall now discuss 34 surrounds the use of statistics in real-world infrastructure problems that can arise for public or mass transportation, such 35 as train travel, bus travel, or similar networked transportation methods. Collaborations between universities and businesses 36 up and down the country already exist, and will continue to grow in the coming years for trying to share best practices 37 and perform statistical analysis on datasets harvested by businesses about their customers, to either improve customer 38 experience or to improve business efficiency. We concern ourselves here with the challenges one will meet in embedding 39 good practice and developing useful models for exploitation of data in businesses where perhaps even the initial data 40 handling task has so far seemed daunting.
41
Studying transportation systems as networked queues has been one of the most natural approaches, borne out of the consequences mapped, leads us very naturally to first want to perform some robust statistical analyses.
54
For statistical analyses, the natural starting point to a statistician is gaining access to the appropriate historical data. There can also typically contain tens of covariates indicating information ranging from the current time and present location of a 8 vehicle, to its previous location, intended destination, top speed, personal capacity, and even properties like the engine type.
9
Thus the first challenge is to place the data into a file structure robust to future data collection, but readily accessible for 10 planned statistical analyses. When this data comfortably runs into the hundreds of gigabytes this is not a small issue. We 11 imagine that in many real-world scenarios the potential future benefits to a company of just putting in place the procedures
12
to store large quantities of log data which are readily available contemporaneously, but which are not intended for immediate 13 use, is already a positive step towards future-proofing oneself to technological change across a range of sectors. In some 14 domains such as social media, there exist a range of companies offering archiving and filtered searching facilities as a service,
15
generally for marketing or research purposes. However, the reliance on outsourcing is likely not the preferred route in many 16 industries, especially given the rate of attrition in some of these third-party service providers. Taking these database creation 17 exercises in-house, and embedding the requisite expertise for later retrieval is already a positive benefit to big data thinking.
18
When it comes to handling large datasets some of the go-to tools of the research statistician such as the R software suitable fallback systems if a data stream should be interrupted.
5
In summary, in our transportation example above a number of topics that particularly arise with big data in a commercial 6 transportation network operation setting have been discussed to highlight many of those key issues worthy of consideration.
7
While we hear of big data exploitation almost daily in the context of the big worldwide computing companies there is still a 
Summary and checklist
11
We provide a summary of the starting points for a typical investigation as follows:
12
• Secure on-going access to new data.
13
• Establish the purpose of an investigation, e.g. to identify network bottlenecks, to identify worst performing routes, to 14 reduce emissions, to make travel time predictions etc. . .
15
• Establish formally the data format to use.
16
• Create tools to allow querying of the data by different stakeholders in a business, to probe their own questions.
17
• Use classification techniques to discern patterns, and rankings of routes.
18
• Try regression techniques over a fine geographical grid to model the effect of small pieces of infrastructure (e.g. a however, need to be made concerning which historical data to use to make good predictions, by identifying relevant 21 covariates.
22
• Implement the statistical techniques efficiently, for live usage.
23
A graphical checklist for a typical investigation is given in Fig. 1 .
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